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Introduction
In the recent two decades, the rapid development of the Chinese stock market has attracted a large number of domestic and international investors. One of its distinctive features is the market segmentation, since three main types of stocks, namely A, B and H shares, are issued and traded in separate markets. The segmentation feature of the Chinese stock market has attracted great attention of researchers, concisely reviewed below in section 2.2. Understanding the bilateral relationships between the Chinese segmented stock markets, such as cross-market causalities, spillover effects, etc., is useful for investors' portfolio decisions and for policy makers concerned with developing strategies for the Chinese stock market.
Compared to the rather large A and H markets, which have experienced a consistently fast development, the B market is much smaller sized and less active as an investment avenue.
Since 2002, it has almost lost its meaning in raising foreign capital for the domestic industry. This setting triggers the question whether the Chinese Securities Regulatory Commission shall support further independence of the B market or foster a merge into A or H market. 4 For this, investigating the nature and scope of integration sheds light on the issue of informational leadership between the A, B and H markets.
For our empirical analysis, we adopt and modify the structural dynamic conditional correlation (SDCC) framework proposed by Weber (2008b) . Daily market index series are deployed for this examination. The sample is divided into two sub-periods, 1997-2001 and 2002-2008 . With this structure we can grasp the effects of the new policy, allowing domestic investors to access the B market, which was implemented in February 2001. Results of preliminary tests show that there exists considerable contemporaneous cross-correlation of returns, caused by common factors affecting both markets, or by contemporaneous spillover effects. 4 "Is the mission of the B market over?", http://www.caijing.com.cn/topic/fforum/ (in Chinese)
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A broad literature on theoretical and empirical finance concludes that major price adjustment of liquid assets happens at least within one day. This is formalised in the random walk hypothesis, which implies returns uncorrelated with lagged variables. Whether or not this hypothesis is exactly fulfilled, in daily data most commonalities in terms of crosscorrelations appear to be contemporaneous. The main contribution of the underlying paper lies in disentangling the sources of these correlations between the different Chinese stock markets, as there are common factors, spillovers in one and such in the other direction. In this, we can fully account for the concepts of informational leadership and market integration, including changes in these measures over time. By doing so, we are reaching beyond relevant existing literature, which investigates interactions and causalities between different markets by means of cross-autocorrelations or Granger causality relying on reduced-form models.
The outcome of our empirical examination shows that before 2002, a strong contemporaneous spillover from A to B existed, whilst the unconditional correlation of the structural innovations is not significant. This indicates that commonality between the A and B market was primarily based on the informational leading role of the A market. In the second period, the large contemporaneous spillover from A to B is replaced by a considerable fundamental correlation, let alone a relatively small spillover from B to A. Evidently, common factors now dominate the comovement of the A and B market. Combined with the cointegrating relation found in the second period between the A and B market, we conclude that the two markets have increasingly integrated.
For the B-H and A-H pairings, we find similar patterns: The first sub-period is dominated by causal spillovers (from H to B, respectively from A to H), which give way to correlated structural innovations after 2001. However, the interaction between B and H, and even more so between A and H, is far less developed than in the A-B case.
The paper is organized as follows: Section 2 briefly introduces the history of the Chinese stock market and offers a literature review. 
Literature Review
The unique segmentation of Chinese stock markets has attracted great attention of re- 
Methodology
To begin with, let us establish the key features of the SDCC model introduced by Weber (2008b). As has been discussed in the Introduction, this model serves to identify bi-6 directional spillovers and correlated innovations as sources of overall return correlation.
We approximate the data generating process of the n stock indices in the vector y t by the structural-form vector error correction model (SVECM) with lag length p
A and B j , j = 1, . . . , n are n × n coefficient matrices, where the main diagonal elements in A are normalised to unity. µ 1 and µ 2 are n-dimensional parameter vectors, d t denotes dayof-the-week dummies and ε t is a vector of heteroscedastic innovations with unrestricted covariance matrix. β spans the space of the r cointegrating vectors, and α contains the corresponding adjustment coefficients. In case no cointegration exists between the I (1) stock indices, αβ has rank r = 0, leaving a simple SVAR in first differences or returns.
As a matter of fact, (1) represents a fully simultaneous system that fails identification by conventional methods. Therefore, in a first step we estimate the reduced-form VECM
All new coefficients are obtained by premultiplying A −1 in (1), therefore being marked by the superscript r for "reduced" as in α r = A −1 α. Accordingly, the new residuals are given by u t = A −1 ε t .
Sentana and Fiorentini (2001) note that latent-factor-type models like (1) become uniquely identifiable in presence of time-varying second moments. Elaborating our model into this direction, denote the conditional variances of the elements in ε t by
where I t−1 stands for the whole set of available information at time t−1. The standardised white noise residuals are obtained as
The volatility dynamics are modelled by a set of univariate GARCH(1,1) processes. We will show in the empirical part that this adequately picks up the data properties in the Chinese stock markets. For j = 1, . . . , n we write
where c j denotes the unconditional variance and g j and d j are GARCH and ARCH coefficients. The single variances are stacked into the vector H t = h 
Therein, Q t follows the process
which corresponds to a GARCH(1,1) with parameters α and β. Q denotes the unconditional covariance matrix of the standardised residualsε t .
With R t at hand, the conditional covariance-matrix Ω t of the structural disturbances ε t is defined as
Accounting for the discussion in Engle (2002) and given positive GARCH-variances, Ω t is assured to be positive definite. This property carries over to the conditional covariancematrix of the reduced-form residuals
due to its quadratic form.
Weber (2008b) discusses identifiability of his SDCC model. In essence, he shows that a simultaneous system like (1) complemented by the structural second-moment processes contains less parameters than a fully general multivariate GARCH model in conventional reduced form. In addition, a sufficient condition is given by linear independence of the conditional variances.
The log-likelihood for a sample of T observations (complemented by an adequate number of pre-sample observations) under the assumption of conditional normality is constructed as To facilitate practical estimation, we follow a three-step procedure: First, we estimate reduced-form VAR / VEC models as in (2) . Then, the obtained residualsû t are plugged into (10) in order to maximise the "concentrated" likelihood of the SDCC model. At last, with values of the spillover coefficients from A determined in the second step, the mean equations can be re-estimated, now in structural form.
Empirical Results

Data
We employ daily close data of the A and B indices from the Shanghai Stock Exchange Indeed, trade volumes and turnover rates increased considerably in 1996 (e.g. Kim and
Shin 2000). Since compared to previous studies, our sample has significantly lengthened, we cut the first years and begin in 1/3/1997.
Before we begin with the multivariate analysis, let us shortly establish the integration properties of the data. The ADF tests in Table 1 show that all indices (with constant and linear trend) are non-stationary, whereas the returns (with constant) are I(0). The contemporaneous cross-correlations of the returns can be found in Table 2 . The A-B correlation is highest, followed by B-H. Additionally, the sample is split after 2001, when the repercussions of the B market opening from February seem to have faded out. The correlations with the A returns are clearly higher in the second sub-sample, possibly a first sign of rising market integration. However, determining the structural sources for this phenomenon is one of the tasks for the following analysis.
Reduced-form Specifications
In the first step, we specify bivariate reduced-form VAR / VEC models as in (2) LM (1) Table 3 : Reduced-form specifications Additionally, p-values for Johansen Trace tests with the null hypothesis of no cointegration (r = 0) can be taken from the last row of Table 3 . Evidence for common trends does not emerge but at most in the second sub-sample between the A and B markets. In this case, we find furthermore that the hypothesis of equal weights in the long-run equilibrium, β = (1, −1) , cannot be rejected by a likelihood ratio test with a p-value of 0.57. Consequently, the two Shanghai-based markets tend parallel in the long run since the B segment has been opened for Chinese citizens, whereas the Hong Kong market has an idiosyncratic development. Statistically, we proceed with a VECM for the second A-B period and with VARs in first differences in all other cases.
Spillovers, Fundamental Correlation and Structural Change
Now, in the second step, the residualsû t obtained from the reduced-form models serve as input variables for estimating the SDCC model. The goal is to split up the important contemporaneous correlations (see Table 2 ) into their three constituents common influences, spillovers in one and spillovers in the other direction. We account for a possible break after 2001 by including shift dummies for the unconditional correlation parameter q (the off-diagonal element in Q) and the spillover coefficients a 12 and a 21 (the off-diagonal elements in A). Particularly, the shift parameters indicate the change in these measures from the first to the second period. To enhance efficiency, the GARCH and DCC parameterisation, in which breaks are neither supposed nor of special interest, is held constant throughout the sample.
After the values for the spillover coefficients as entries in the A-matrix in (1) 
The interaction between the A and B markets in first period is dominated by a strong contemporaneous spillover from A to B, while the one in the reverse direction is much smaller. Lagged effects are rather weak. The unconditional structural correlation q is not significantly different from zero. This is, the commonalities between citizens' and foreigners' markets were mainly based on the informational leading role of the A market.
In contrast, advantages of large foreign investors in information processing and financial management seemed to have played but a subordinate role.
A-B 2002-2008
∆A t = 0.004 
In contrast, in the second period the large contemporaneous spillover has completely disappeared. Logically, the considerable return correlation now relies on significant common influences as shown by q = 0.747. Evidently, the B-market liberalisation led to strong integration of the A and B segments in the sense that new information hits both markets simultaneously and has not to be transmitted through observed movements in the A index. Interestingly, the instantaneous spillover from B to A, though relatively small, has not significantly changed; since foreigners are still restricted to the B market, its limited signalling function continues. In case equilibrium deviations appear, it is the B market which slowly closes the gap over time through its adjustment to the cointegrating relation. 5 Consequently, in a sense related to Hasbrouck (1995) , discovery of the single efficient price of the two markets takes place in the A segment. 
Bearing in mind the correlation results from Table 2 
In the second period, the contemporaneous influence on the B returns has vanished. 
The second period features a fundamental correlation of q = 0.261, whereas the contemporaneous spillover has disappeared. However, non-trivial lagged transmission from H to A can be established. All in all, the interactions between the major Chinese market and the Hong Kong based index are clearly least developed.
Conditional Variances and Correlations
The foregoing section has shown contemporaneous and dynamic interactions among the different markets as well as fundamental correlations of the structural shocks. We have not addressed yet the conditional variances and correlations, which are now at the centre of interest.
First, Table 4 summarises the estimates for the GARCH processes (5). The results are typical for financial data: All ARCH parameters are significant, lending credibility to our identification procedure, and the sum of ARCH and GARCH coefficients reveals considerable persistence. The fact that this measure is especially high for the H-market probably explains the indeterminacy of its unconditional volatility level c, which stands in contrast to the A and B results. It remains to demonstrate the merits of allowing for dynamic fundamental correlations.
In Table 5 , one can find the estimates for the DCC parameters from (7). For A-B and B-H, the coefficients are highly significant, implying time-varying structural correlations.
In contrast, for A-H, past shocks did not significantly influence the conditional correlation, so that α and β were restricted to zero. In this case, including the structural break The structural conditional correlations resulting from the processes addressed in Table   5 are displayed in Finally, the models for the second moments are subjected to several specification tests:
The vast majority of autocorrelations of the squared standardised disturbancesε 2 jt and the cross products ε 1t ε 2t , standardised by the conditional covariances, do not exceed the approximate 95% confidence bands. Exceptions were the first order in the A-B model and the first and third orders of the H innovations. However, even those do not reach significance at the 1% level. The analysis was repeated using the reduced-form residuals u t instead of ε t . The constancy (apart from the break) of the conditional correlation in the A-H case was additionally checked by the procedure proposed in Engle and Sheppard (2001) :
In short, the cross products of the multivariately standardised (structural) residuals are tested to not follow an autoregression. Since the null is not rejected regardless of the AR order of the auxiliary model, our specification is confirmed.
Common Factors
Until here, we have learned about fundamental correlations and spillovers between the Chinese stock segments. An interesting question left to ask is what observable economic factors might explain our measurements. At the daily frequency, we have picked the HangSeng (Hong Kong), Straits Times (Singapore), Nikkei (Japan) and Dow Jones (USA) indices as well as the crude oil price (WTI Cushing) and the Chinese one-week interbank rate.
8
The crucial point is how significance of these variables for our findings of structural correlations and spillovers should be assessed. In order to integrate this additional analysis into the existing model framework, we opted for including the factors as exogenous variables in our structural equation systems. In case for example fundamental correlations conditional on the factors are significantly lower than in the baseline scenario, we can think of the market correlation being explained by common factor dependence. In detail, we first estimate the reduced form (2) 
Robustness Checks
We have subjected our estimations to a battery of robustness checks. Since we encountered no decisive deviations, we just list the most important issues:
• The SHSE has been picked as the largest Chinese stock exchange. However, using the leading indices of the not much smaller SZSE leaves the results unchanged.
• The choice of the lag length p did not prove crucial. This is not surprising, since we are mainly dealing with contemporaneous effects.
• It was not exactly clear at which date the structural break due to the B market opening should be set. While our date, the beginning of 2002, was chosen to take the evident market reactions into account, splitting the sample in February 2001 right after the liberalisation occurred leads to no qualitatively different conclusions.
• In section 4.5, lags of the common factors could have been included. Doing so just wastes degrees of freedom for insignificant coefficients, except for few lagged Hang Seng returns.
• Apart from the most recent period, during our sample the Chinese exchange rate was almost fixed. Thus, we were able to replicate the results when all series were converted into a common currency.
Concluding Summary
In this paper, we have identified sources of contemporaneous correlation of stock markets, which can originate in both common influences hitting the markets and spillover effects between them. This way, we have empirically analysed integration and informational transmission between the Chinese segmented stock markets. The sample is divided into two sub-periods, before and after 2002, in order to characterize the impact of the B market opening to Chinese citizens. Methodologically, we adopted the new SDCC framework of Compared to this process of integration, the H market is still more or less segmented even after 2002. In the first period, transmission runs from A to H and from H to B, whereas common influences are insignificant. These spillovers are replaced by fundamental correlations of the innovations in the second period, which are however limited in size.
When exogenous factors are included as additional regressors in the system, we mainly find that Hang Seng and Straits Times returns affect H returns, especially after 2002.
Obviously, the H market is to some extent linked to other important Asian stock markets, where the SEHK naturally proves most influential.
In a structural VECM, cointegration between the indices of the two markets A and B occurs since 2002. While the price of the A market is nearly weakly exogenous, the B price adjusts with respect to cointegration deviations; in the long run, the A market determines the common stochastic trend. In the sense of Hasbrouck (1995) , this finding leads to the interpretation that the discovery of the efficient price takes place in the A market. This is likely to provide the prerequisite for a potential merge of the B into the A market, a strategy further supported by the evidence that both markets are moving towards close integration in both long and short run since 2002. The H market remains separate from the markets A and B for the time being.
